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ADJUSTMENT PIPE FOR FUEL INJECTION VALVE ^ AND PRESS-FITTING 
STRUCTURE AND PRESS-FITTING METHOD FOR THE SAME 

CROSS-REFERENCE TO RELATED APPLICATION 
This application is related to Japanese Patent 
Application No. 2000-367754 filed on November 29, 2000, the 
contents of which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 
1- Field of the Invention: 

The present invention relates to an adjustment pipe 
for adjusting a compression amount of a spring biasing a valve 
member in a fuel injection valve, and a press-fitting 
structure and a press-fitting method of the adjustment pipe. 
2. Description of Related Art: 

In a fuel injection valve, generally, a valve member 
(needle valve) for opening and closing a fuel injection port 
is biased by a spring, and a spring force of the spring is 
adjusted by an adjustment pipe disposed in a cylindrical 
housing. For fitting the adjustment pipe within the 
cylindrical housing, a caulking method or a press-fitting 
method may be used. In the caulking method, an outer radial 
dimension of the adjustment pipe is made slightly smaller than 
an inner radial dimension of the cylindrical housing, and the 
cylindrical housing is fastened and deformed to fix the 
adjustment pipe after the adjustment pipe is inserted into the 
cylindrical housing. On the other hand, in the press-fitting 



method, the outer radial dimension of the adjustment pipe is 
made slightly larger than the inner radial dimension of the 
cylindrical housing, and the adjustment pipe is fixed into the 
cylindrical housing by press-fitting the adjustment pipe into 
the cylindrical housing. In this case, when a fixing load 
(press-fitting load) of the adjustment pipe relative to the 
cylindrical housing is made larger for tightly fixing the 
adjustment pipe, the adjustment pipe and the cylindrical 
housing are strongly rubbed to each other, and an "adhesion" 
due to strongly rubbed metals is readily formed. Therefore, 
the press-fitting load is excessively increased, components 
such as the cylindrical housing may be deformed, and dimension 
accuracy of the components in the fuel injection valve may be 
decreased • 

SUMMARY OF THE INVENTION 

In view of the foregoing problems, it is an object of 
the present invention to provide an adjustment pipe for 
adjusting a compression force of a spring in a fuel injection 
valve, and a press-fitting structure of the adjustment pipe 
into a cylindrical housing, which can sufficiently maintain a 
dimension accuracy of the fuel injection valve. 

In is an another object of the present invention to 
provide an adjustment pipe being press-fitted into a 
cylindrical housing in a fuel injection valve, which reduces 
a difference of press-fitting load of the adjustment pipe, 
readily performs a fine adjustment of a press-fitting amount 



of the adjustment pipe, and restricts a compression 
deformation of components of the fuel injection valve. 

It is a further another object of the present 
invention to provide a press-fitting method for press-fitting 
5 an adjustment pipe into a cylindrical housing for a fuel 

injection valve, by which a high-quality and trustworthy fuel 
injection valve can be readily manufactured. 

According to the present invention, in a press-fitting 

2 structure of an adjustment pipe for adjusting a compression 
ICfJ^^ amount of a spring member for biasing a valve member, a 

^ lubricating material is adhered or formed on at least one of 

an outer peripheral surface of the adjustment pxpe and an 

3 - 

"f^ inner peripheral surface of a cylindrical housing. Therefore, 

y when the adjustment pipe is press-fitted into the cylindrical 

15p housing, because the lubricating material is placed between 

the adjustment pipe and the cylindrical housing, it can 
prevent a direct pressure-contact between both metal press- 
contacting surfaces of the adjustment pipe and the cylindrical 
housing, and it can restrict the adhesion from being 

20 generated. In addition, because the lubricating material is 

placed between the adjustment pipe and the cylindrical 
housing, the lubricating material does not increase a press- 
fitting load. Accordingly, a difference of the press-fitting 
load of the adjustment pipe can be made smaller, a fine 

2 5 adjustment of the press-fitting amount of the adjustment pipe 

can be made simple, and compression deformation due to an 
excessive press-fitting load can be restricted. Accordingly, 
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when the press-fitting structure of the adjustment pipe is 
used for a fuel injection valve, a dimension accuracy of the 
fuel injection valve can be sufficiently maintained. 

Preferably, each of the adjustment pipe and the 
cylindrical housing is made of stainless steel, and an oxalate 
film is formed on at least one of the outer peripheral surface 
of the adjustment pipe and the inner peripheral surface of the 
cylindrical housing. Alternatively, a phosphate film is 
formed on at least one of the outer peripheral surface of the 
adjustment pipe and the inner peripheral surface of the 
cylindrical housing. In this case, because the oxalate film 
or the phosphate film is not removed even when the adjustment 
pipe is press-fitted into the cylindrical housing, the 
dimension accuracy of the fuel injection valve can be readily 
maintained. 

According to a press-fitting method for press-fitting 
an adjustment pipe into a cylindrical housing for a fuel 
injection valve, after a lubricating material is formed or 
adhered on at least one of an outer surface of the adjustment 
pipe and an inner surface of the cylindrical housing, the 
adjustment pipe is temporarily press-fitted the into the 
cylindrical housing, and the press-fitted amount of the 
adjustment pipe into cylindrical housing is adjusted to a 
predetermined amount. In addition, a test liquid is supplied 
into a temporarily assembled fuel injection valve, and a 
confirmation operation of a fuel injection amount from the 
fuel injection port is repeated by opening and closing the 



valve member while the adjustment pipe being gradually press- 
fitted into the cylindrical housing. Accordingly, a stable 
fixing load of the adjustment pipe can be obtained, and a 
high-quality fuel injection valve can be readily manufactured. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 
Additional objects and advantages of the present 
invention will be more readily apparent from the following 
detailed description of preferred embodiments when taken 

UJ 

. . . 

10^ together with the accompanying drawings, in which: 

ri FIG. 1 is a vertical sectional view showing a fuel 

2f; injection valve according to a first preferred embodiment of 

I y 

the present invention; 

FIGS. 2A and 2B are a top view and a vertical 
1597 sectional view, respectively, showing an adjustment pipe 

according to the first embodiment; 

FIG. 3A and 3B are a top view and a vertical sectional 
view, respectively, showing an adjustment pipe according to a 
modification of the first embodiment; 
20 FIGS. 4A and 4B are vertical sectional views showing 

temporary press-fitting steps in a cylindrical housing, 
according to the first embodiment; 

FIG. 5 is a graph for explaining an improved effect of 
the first embodiment as compared with a comparison example; 
25 and 

FIG. 6A, FIG. 6B and FIG. 6C are a top view, a 
vertical sectional view and a front view, respectively, 
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showing an adjustment pipe for a fuel injection valve, 
according to a second preferred embodiment of the present 
invention. 



in 



5 DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will 
be described hereinafter with reference to the accompanying 
drawings . 

tf A first preferred embodiment of the present invention 

IQS will be now described with reference to FIGS. 1-5. As shown 

in FIG- 1, in a fuel injection valve, a cylindrical housing 15 
M is made of a magnetic stainless steel, and is used as a fixed 

s magnetic core. A fuel filter 16 is disposed at an upper side 

in the cylindrical housing 15. A middle pipe 17 made of a 
15?1 non-magnetic material is attached to a lower side portion of 

H the cylindrical housing 15 by brazing, and a magnetic valve 

body 18 having therein a valve member 12 is bonded to a lower 
end of the middle pipe 17 by brazing. The valve member 12 is 
disposed to open and close a fuel injection port 11 from which 
2 0 fuel is injected. A hollow movable valve member 19 connected 

to a top end part of the valve 12 is disposed opposite to a 
bottom surface of the cylindrical housing 15, so that the 
movable core 19 and the valve 12 are biased to a valve-closing 
direction (i.e., lower side) by the spring force of a spring 
25 13. 

The spring 13 is disposed in a lower side portion 
within the cylindrical housing 15, and a top end portion of 
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the spring 13 contacts a bottom end of the adjustment pipe 14 
press-fitted into the cylindrical housing 15 from an upper 
side. By adjusting a press-fitting amount (inserted amount) 
of the adjustment pipe 14 within the cylindrical housing 15, 
the spring force (compression amount) of the spring 13 is 
adjusted so that a response of the valve member 12 is 
adjusted. Therefore, a fuel injection amount due to the valve 
member 12 can be adjusted by the adjustment of the spring 
force of the spring 13. 

The adjustment pipe 14 is made of a stainless steel 
similarly to the cylindrical housing 15, for a rust 
prevention. As shown in FIGS. 2A and 2B, a straight slot 20 
is provided in the adjustment pipe 14, so that the adjustment 
pipe 14 can be radial-deformed (radial-reduced) when being 
press-fitted into the cylindrical housing 15. However, as 
shown in FIGS. 3A and 3B, the adjustment pipe 14 can be formed 
into a stainless pipe without a slot. 

Outer peripheral parts of the adjustment pipe 14 at 
both upper and lower ends are chamfered, so that the 
adjustment pipe 14 can be readily press-fitted into the 
cylindrical housing 15. A press-fitting load (fixing load) of 
the adjustment pipe 14 relative to the cylindrical housing 15 
is adjusted by a dimension difference between an outer radial 
dimension of the adjustment pipe 14 and an inner radial 
dimension of the cylindrical housing 15. 

An electromagnetic coil 21 is attached to an outer 
peripheral part of the middle pipe 17. When electrical power 



is supplied to the electromagnetic coil 21 and the 
electromagnetic coil 21 is energized, an electromagnetic force 
is applied between the cylindrical housing 15 (fixed core) and 
the movable magnetic core 19. In this case, the movable core 
19 moves upwardly, a lower end of the valve member 12 is 
separated from a valve seat 22, and the fuel injection port 11 
is opened. 

In the first embodiment of the present invention, for 
reducing a change range (difference) of the press-fitting load 
of the adjustment pipe 14, an oxalate film 23 is formed on an 
outer peripheral surface of the adjustment pipe 14, as shown 
in FIGS. 2A, 2B, 3A and 3B. The oxalate film 23 is a chemical 
conversion coating using a lubricant. In the first 

embodiment, the adjustment pipe 14 is immersed in an oxalic 
acid solution for about 4-6 minutes under a temperature about 
50-60°C, for example. Accordingly, iron (Fe) on the surface 
of the adjustment pipe 14 is reacted with the oxalic acid, and 
the film 23 of iron(II) oxide ( FeC204 • 2H20 ) is formed. The 
oxalate film 23 has a suitable lubricating performance, and is 
strongly bonded on the surface of the adjustment pipe 14, so 
that the oxalate film is not removed. In addition, the 
oxalate film 23 is not dissolved in a test liquid (e.g., dry 
solvent) that is used in place of gasoline in experiments. 

In the first embodiment of the present invention, 
because the adjustment pipe 14 is immersed in the oxalic acid 
solution for forming the oxalate film 23 on the adjustment 
pipe 14, the oxalate film 23 are formed on both the outer 



peripheral surface and the inner peripheral surface of the 
adjustment pipe 14. However, since the press-fitting surface 
of the adjustment pipe 14 is only the outer peripheral surface 
of the adjustment pipe 14, the oxalate film 23 can be formed 
5 only on the outer peripheral surface of the adjustment pipe 

14 . 

Next, a manufacturing method of the fuel injection 
valve will be now described. The adjustment pipe 14 is 
O immersed in an oxalic acid solution, so that the oxalate film 

lOfl 2 3 is formed on the adjustment pipe 14 beforehand. On the 

tn other hand, the valve body 18, in which the valve member 12, 

Ly 

D the movable core 19 and the like are assembled, is fixed at a 

fU 

s lower end of the cylindrical housing 15 through the middle 

M= pips 17 by the brazing or the like, and thereafter, the spring 

isgi 13 is disposed within the cylindrical housing 15. Then, the 

adjustment pipe 14 is pressed into the cylindrical housing 15 
from an upper side as shown in FIG. 4A, and is temporarily 
press-fitted into the cylindrical housing 15 until a position 
shown in FIG. 4B. In the temporary press-fitting of the 

20 adjustment pipe 14, the oxalate film 23 on the outer surface 

of the adjustment pipe 14 is strongly rubbed with the inner 
peripheral surface of the cylindrical housing 15. However, 
because a bonding strength between the oxalate film 23 and the 
outer peripheral surface of the adjustment pipe 14 is strong, 

25 the adjustment pipe 14 can be press-fitted into the 

cylindrical housing 15 while the oxalate film 23 is not 
removed from the outer peripheral surface of the adjustment 
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pipe 14. 

Thereafter, the temporarily assembled fuel injection 
valve is set in a test machine, the test liquid used in place 
of gasoline is supplied to the fuel injection valve, and the 
valve member 12 is opened and closed while the adjustment pipe 
14 is gradually press-fitted, so that the fuel injection 
amount is confirmed. By repeating the confirming operation, 
the press-fitting amount of the adjustment pipe 14 is adjusted 
so that a desired injection amount of the fuel injection valve 
can be obtained. At this time, the oxalate film 23 is 
maintained on the outer peripheral surface of the adjustment 
pipe 14 without being dissolved in the test liquid. 

Because both the adjustment pipe 14 and the 
cylindrical housing 15 are made of the stainless steel, the 
adhesion (partially protrusion part) is readily generated when 
both the metal surfaces are strongly rubbed by a large 
friction force. However, in the^ first embodiment of the 
present invention, because the oxalate film 23 used as a solid 
lubricant is placed between the press-fitting surfaces of the 
adjustment pipe 14 and the cylindrical housing 15, it can 
prevent both the metal surfaces from being directly rubbed, 
and it can prevent the adhesion. In addition, because the 
oxalate film 23 placed between both the press-fitting surfaces 
of the adjustment pipe 14 and the cylindrical housing 15 has 
a suitable lubricating performance, the press-fitting load is 
not increased by the oxalate film 23. Accordingly, the 
adjustment pipe 14 can be smoothly press-fitted into the 



cylindrical housing 15, and the press-fitting amount of the 
adjustment pipe 14 can be readily adjusted. 

FIG* 5 is an experiment result performed by inventors 
of the present invention, showing a relationship between the 
press-fitting load (N) of the adjustment pipe 14 and the 
dimension difference between the outer radial dimension of the 
adjustment pipe 14 and the inner radial dimension of the 
cylindrical housing 15, In FIG. 5, the effect of the first 
embodiment is compared with a comparison example where the 
oxalate film 23 is not formed in the outer peripheral surface 
of the adjustment pipe 14. In the comparison example, because 
the metal surface of the adjustment pipe 14 is directly 
strongly rubbed with the metal surface of cylindrical housing 
15, the adhesion is formed. Therefore, the press-fitting load 
of the adjustment pipe 14 is greatly increased, the adhesion 
is further readily formed, and the press-fitting load of the 
adjustment pipe 14 is greatly changed in a large range due to 
the adhesion. That is, because the dispersion of the press- 
fitting load of the adjustment pipe 14 becomes larger, it is 
difficult to perform a fine adjustment of the press-fitting 
amount of the adjustment pipe 14, and the adjustment pipe 14 
may be excessively press-fitted. In this case, the spring 
force of the spring 13 cannot be adjusted by the adjustment 
pipe 14. In addition, when the press-fitting load of the 
adjustment pipe 14 becomes excessively larger due to the 
adhesion, the cylindrical housing 15 and the other members of 
the fuel injection valve may be deformed, and dimension 



accuracy in the fuel injection valve is decreased. 

However, according to the first embodiment of the 
present invention, because the oxalate film 23 is formed on 
the outer surface of the adjustment pipe 14, the adhesion can 
be prevented and the suitable lubricating performance can be 
obtained by the oxalate film 23. Thus, the dispersion of the 
press-fitting load of the adjustment pipe 14 can be made 
greatly smaller as compared with the comparison example, the 
press-fitting amount of the adjustment pipe 14 can be finely 
adjusted, and it can prevent the adjustment pipe 14 from being 
over-fitted. As a result, a compression deformation of the 
components of the fuel injection valve, due to an excessive 
press-fitting load, can be restricted, and the dimension 
accuracy of the components of the fuel injection valve can be 
effectively maintained. 

In the first embodiment, because the dispersion of the 
press-fitting load of the adjustment pipe 14 is made smaller, 
the press-fitting load and the fixing load of the adjustment 
pipe 14 can be readily adjusted by the difference between the 
outer radial dimension of the adjustment pipe 14 and the inner 
radial dimension of the cylindrical housing 15, and a stable 
fixing load having the smaller dispersion can be obtained. 
Therefore, a high-quality and trustworthy fuel injection valve 
having a small change in the injection characteristics can be 
readily manufactured with a simple manufacturing method. 

The oxalate film 23 formed on the surface of the 
adjustment pipe 14 is not dissolved in the test liquid- 



Therefore, it can prevent a friction consumption of a test 
machine or the fuel injection valve due to a removing or 
dissolution of the oxalate film 23. Further, in the first 
embodiment, a volatile cleaner agent having a high- 
relationship with gasoline in the fuel injection valve can be 
used as a test liquid. In this case, safety operation of an 
operator in the adjustment test of the fuel injection amount 
can be improved. 

In the first embodiment of the present invention, as 
a solid lubricant formed on the surface of the adjustment pipe 
14, the chemical film of iron (II) oxalate is used. However, 
instead of the iron (II) oxalate film, the other chemical film 
such as a phosphate film can be also used. Further, the 
chemical film can be formed on the press-fitting surface of 
the adjustment pipe 14 or the cylindrical housing 15 through 
a chemical processing or a physical-chemistry processing. In 
addition, a high polymer lubricant (shearable high polymer 
material such as nylon and polyimide), a soft metal solid 
lubricant (plastic deformable metal such as tin and zinc, or 
a stratified solid lubricant (a material shearing between 
layers of a stratified crystal structure) may be bonded or 
formed on the press-fitting surface of the adjustment pipe 14. 
Each of the solid lubricants is readily used after being 
formed on the press-fitting surface, is difficult to be 
removed from the press-fitting surface, and can be effectively 
used as a lubricant. 

A second preferred embodiment of the present invention 



# 



will be now described with reference to FIGS. 6A-6C. In the 
above-described first embodiment of the present invention, the 
solid lubricant is bonded or formed on the outer peripheral 
surface (i.e., press-fitting surface) of the adjustment pipe 
5 14. In the second embodiment of the present invention, the 

outer peripheral surface of the adjustment pipe 14 is formed 
into a roughened surface by knurling or chemical process, so 
that plural fine recesses 24 are formed on the outer 
□ peripheral surface of the adjustment pipe 14. Then, a 

lOO lubricating oil (e.g., machine oil) is adhered on the 

m roughened surface of the adjustment pipe 14. In the second 

O embodiment, a depth of the fine recesses 24 is set in a range 

5 of 0.005-0. 3mm, and an opening width thereof is set in a range 

H= of 0.05-0. 3mm. In the second embodiment, the other structures 

15ji and the other manufacturing method of the fuel injection 

14 valve are the same as that described in the first embodiment. 

According to the second embodiment of the present 
invention, the roughened surface is formed on the outer 
peripheral surface of the adjustment pipe 14. Therefore, the 
20 lubrication oil can be held in the fine recesses 24 between 

the outer peripheral surface of the adjustment pipe 14 and the 
inner peripheral surface of the cylindrical housing 15 when 
the adjustment pipe 14 is press-fitted into the cylindrical 
housing 15, and an oil film can be formed between the outer 
25 peripheral surface of the adjustment pipe 14 and the inner 

peripheral surface of the cylindrical housing 15. Due to the 
oil film, a suitable lubricating performance can be obtained 
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while the adhesion is prevented. Accordingly, in the second 
embodiment, the effects similar to that of the above-described 
first embodiment can be obtained. In addition, because the 
lubricating oil is sealed in the fine recesses 24 between the 
outer peripheral surface of the adjustment pipe 14 and the 
inner peripheral surface of the cylindrical housing 15, it can 
prevent the lubricating oil from being leaked into the test 
liquid. 

Although the present invention has been fully 
described in connection with the preferred embodiments thereof 
with reference to the accompanying drawings, it is to be noted 
that various changes and modifications will become apparent to 
those skilled in the art. 

For example, in the above-described first and second 
embodiments of the present invention, the lubricating material 
is adhered or formed on the outer peripheral surface of the 
adjustment pipe 14. However, the lubricating material can be 
adhered or formed on the inner peripheral surface of the 
cylindrical housing 15, or can be adhered or formed on both 
the outer peripheral surface of the adjustment pipe 14 and the 
inner peripheral surface of the cylindrical housing 15. 

In the above-described first and second embodiments of 
the present invention, the present invention is typically 
applied to the fuel injection valve. However, the present 
invention can be applied a valve device having an adjustment 
pipe for adjusting the spring force of a spring, such as a 
relief valve. 



Such changes and modifications are to be understood as 
being within the scope of the present invention as defined by 
the appended claims. 
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